Background Burns are a significant cause of mortality and morbidity in developing countries. We examined the epidemiology of unintentional burns in South Asia to identify trends and gaps in information.
Introduction
Burns are a significant cause of morbidity and mortality worldwide. An estimated 322 000 people died from firerelated burns alone worldwide in 2002. 1 Fire-related burns account for 10 million disability-adjusted life-years lost worldwide annually. 2 The impact of physical disfigurement due to burns is far reaching, as social stigma may lead to isolation and other psychological impairments limiting one's productivity. 3 The overwhelming majority (90%) of firerelated fatalities occur in low and middle-income countries (LMICs), 1 where burn deaths and injuries are more common among the poorest populations. 3 South Asian countries bear a significant burden of injury due to burns. Estimates of incidence of burn injuries in India vary from 100 000 4 to 2 million annually, 5 of which 50 000 are estimated to be fatal. 6 In Pakistan, burns are the second leading cause of disability and the 11th leading cause of premature deaths. 7 In Sri Lanka, 10 000 injuries and 100 deaths are burn related, costing US$1 million annually. 8 Understanding the epidemiology of burn-related injuries is fundamental in aiding preventive efforts. High-income countries (HICs) have made great strides in primary and secondary prevention due to sustained epidemiological research, improved information gathering systems, strict legislation, public health advocacy and social marketing strategies. 3 However, region-specific interventions are necessary due to varying epidemiologic, demographic and cultural factors. In South Asia, issues such as the large burden of injury and lack of advanced burn care facilities and trained professionals create further difficulties in implementing costeffective methods of prevention.
By performing a systematic review of the available literature in four South Asian countries, this paper aims to identify the demographics, mechanisms of injury and risk factors associated with unintentional burn injuries in South Asia. Gaps in knowledge will be identified, and the role of focused research and effective interventions will be highlighted.
Methods
A MEDLINE/PUBMED search was undertaken for peerreviewed studies that focused on the descriptive epidemiology of burns in four countries in the South Asian region-Pakistan, India, Bangladesh and Sri Lanka. Search terms included injury, burns, burn injuries, burn prevention, burn intervention, South Asia, developing countries, Bangladesh, India, Pakistan and Sri Lanka. Fig. 1 provides details on our search strategy. The references of key articles were reviewed for further relevant studies. Papers from 1970 to December 2011 were included. Articles from the gray literature were excluded.
Only English-language papers that included information on unintentional burns were included in this review. Articles that contained information about burns that were not segregated by intentional and unintentional injuries were excluded. Articles where some data were segregated by intentionality were included, and only the data on unintentional burns were included.
The main outcomes of interest were the incidence of burns, mechanism of burns and outcome of the injury. The studies were reviewed for information pertaining to the occurrence of burn injuries. This included mechanisms and agents of injury, severity, risk factors and treatment. Information on incidence rates, mortality rates, the location of the injuries and types of injuries was extracted using a standardized form. Among risk factors, level of education, median household income and overcrowding were grouped together as socioeconomic factors. Burns in the kitchen included all cooking-related incidents involving the use of kerosene ovens, cooking utensils, stove explosions, gas leaks in the kitchen and warming over a chulha (mud enclosed fire pit). Non-cooking burns involving the use of kerosene included the use of traditional kerosene lamps and kerosene burners. Loose or flammable clothing was considered a risk factor when the study identified the role played by clothing in either starting or accelerating the fire. The severity index was reflected by the percentage of total body surface area burned (%TBSA).
These data were extracted from each paper into an Excel spreadsheet and tabulated to identify trends. The data were then synthesized in a narrative. Data extraction was performed by two authors while the third reviewed cases where there was any ambiguity. A formal meta-analysis was not performed due to the diversity of methods and definitions used in the studies.
Results
The search revealed 1044 titles of interest, of which 131 were selected for abstract review (Fig. 1 ). Finally, 28 empirical studies were identified. 9 -36 Sources of data included facility records (16) , autopsy/medico-legal records (7), nationwide survey (3), records from an industrial company (1) and ambulance records (1) . There were 4 cross-sectional studies, 5 prospective cohort studies, 14 retrospective cohort studies, two case series studies and three studies with both retrospective and prospective components. Three studies were from Bangladesh, 22 -24 1 from Sri Lanka, 19 4 from Pakistan 15, 32, 34, 35 and 20 from India. 9 -14,16 -18,20,21,25 -31,33,36 Data for all three studies from Bangladesh were obtained from a nationwide survey. 22 -24 Twelve studies focused on pediatric injuries and two focused on adult injuries, while the remaining included data on both pediatric and adult populations. These studies represent a total of 24 527 burn patients over 57 years (1957-2010) .
Demographics
Among studies examining both adult and pediatric injuries, burns appear to predominantly affect adolescents and young adults, followed by young children (Table 1) . Only one study indicated that burn injuries decreased with increasing age. 24 Among adult workers in an oil factory, injuries were more common at younger ages, with 42.4% of all burns being among adults aged 21 -30 years. 28 Deaths due to burns occur mostly in adolescence and early adulthood (Table 1) .
Among pediatric injuries, the majority of the injury burden appears to be among younger children, particularly below the age of 5 years (Table 1) . Nearly all pediatric studies showed a predominance of injuries among males in the 1 -5 year age group and in early adolescence. 6,13,15,20,21,23 -25 A reversal in this trend occurred with increasing age, with females being the majority of victims during adolescence and adulthood ( Table 1) . Table 2 shows that the vast majority of burns were caused by flames (seven studies) or scalds (seven studies), with all studies reporting these as the two most common modes of injury. Electrocution and contact with hot objects were other notable causes of burns, with chemical burns causing only a small proportion. Males appeared to be more likely to suffer from electric burns than females, while females were more likely to experience flame burns than males. 9, 11, 12, 22, 26, 27, 30 Among children, scalds tended to be the most common type of injury. 13, 15, 25, 31 Severity Nine studies 9, 12, 13, 15, 18, 19, 28, 34, 35 examined the %TBSA, which ranged from 4 to 100%. The majority of injuries tended to be less severe; Sarma 28 reported that 96.2% of burns covered ,20% of TBSA, while Laloe 19 reported a median %TBSA of 10%. However, studies on flame burns reported more severe injuries, with Ahuja et al. 9 reporting an average %TBSA of 41.5% among flame burns caused by liquid petroleum gas. Gupta and Srivastava 6 (24) 6 (24) 0 (0) 2 (8) 11 (44) 25 (100) 5 ( stove bursts also found that injuries tended to be more severe, with an average %TBSA of 36%. 35 Iqbal and Saaiq 15 reported a higher %TBSA than the average among hospitalized patients (27.07% versus 9.37% overall). All studies indicated that mortality increased as %TBSA increased. The case fatality rate (CFR) was high for %TBSA burns .40 -70%. 13 No study reported survivors among victims with %TBSA of 60% or greater.
Types of burn injuries
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Disability
Four studies 23, 24, 27, 28 provided disability data. Mashreky et al. 24 found that 2% of pediatric burn victims in 4 (8) 23 (46) 23 (46) 50 ( Bangladesh were permanently disabled, estimating a disability rate of 5.7 per 100 000 children-years. The estimate of the rate of disability in the general Bangladeshi population was lower at 2.6 per 100 000 person-years. 23 Ramakrishnan et al. 27 reported that 186 of the 923 electrocuted patients required amputations in India. Sixty-six patients had their upper limbs amputated, while 81 had their lower limbs amputated. Among burn injuries among employees of an oil industry in India, 71.8% developed depigmentation of the skin, 14.3% developed hypertrophic scar formation, 10% developed mild-to-severe contractures and 0.5% developed Marjolin's ulcer (an ulcerating squamous cell carcinoma). 28 
Mortality
Twenty-one studies reported the CFR in their study population, which ranged widely from 0 to 54% (Table 2) . No discernable trend by age could be identified. Mashreky et al. 24 estimated the population-based crude death rate in Bangladesh to be 0.6 per 100 000 people-year, predicting about 340 fatal pediatric burn injuries in Bangladesh annually.
Most studies indicated that female mortality outnumbered male mortality (Table 1) . Two studies reported that 100% of deaths were male; 22, 23 however, both studies reported a very small number of deaths and so no conclusions can be drawn from them. Similar to the trend in injuries, male deaths tended to be more common among younger children, with the proportion of fatal cases being female increasing with increasing age.
Among studies reporting %TBSA, all indicated that mortality increased with increasing %TBSA. 9, 12, 13, 15, 19, 28 A study reporting on burn-related deaths also reported greater severity of injuries compared with studies reporting on survivors. 18 Having a TBSA .30% and the presence of facial injuries (considered severe injuries) were statistically significant predictors of mortality. 12 A study of pediatric burns reported a mortality rate of 9% among hospitalized patients (who had a higher %TBSA), while there were no deaths among patients treated on an outpatient basis. 15 
Location
The majority of all burns occurred within the home (Table 3 ). Eight of the 13 studies reported that .80% of burns occurred within the home, with the kitchen being the most frequently reported location (Table 3) . In fact, 8 of the 13 studies reported that .50% of all burns occurred in the kitchen. In general, burns involving adult females occurred almost entirely within the home, while adult male burns were predominantly related to industrial and other workrelated events. 9, 11, 18, 23, 26, 27 Contributing factors Burns in the home and those related to cooking were very common (Table 4) . Kerosene was involved in the majority of injuries, most of which involved a fallen kerosene lamp, chulhas, or kerosene stoves. 9 -13,18 -20,23,24,29,32 Razzak et al.
32
found that a quarter of burns among children were caused by stove explosions which most likely used kerosene. 32 Laloe 19 found that 41% of all burns were attributed to incidents involving a kerosene lamp. Among flame-related injuries, loose and/or flammable clothing was often involved in starting or accelerating the fire and causing more severe injuries. Ganesamoni et al. 12 reported that synthetic material was associated with having burns covering .50% of TBSA, while Kumar and Tripathi 18 also reported the majority of burn victims who died were wearing synthetic (40%) or semi-synthetic (30%) clothing. Another Indian study reported that 50.6% of women who suffered flame burns were wearing the traditional loose wrap-around cloth called saris. Scalding was often caused during burns in the kitchen where hot liquid (such as boiling water, milk, oil or foods like curry and rice water) fell onto the victim. 15, 23, 27, 29 Infants and children in particular were burned in this manner. 15 A few studies reported that age and sex were related to burn injuries (Table 4) . Young children and adolescents were at the highest risk of burns. For example, in Bangladesh, children younger than 5 years were seven times more likely than those aged 5 years or older to experience non-fatal burn injuries (P , 0.001). 23 Adolescent and adult women were at a higher risk for flame-related burns, while most cases of electrocution burns occurred among males. 10, 22, 24, 26, 30 Low socioeconomic status was associated with an increased risk of burn injury; Ahuja et al. 9 reported that 75% of burn cases in their study belonged to the lower middle class. Overcrowding and having a larger family was also common among burn victims. 13, 26 In one study examining fatal burns among women, 62.8% were illiterate. 18 Rural residence also emerged as a common risk factor (Table 4) . One study examining pediatric electrical burns reported a higher incidence among rural residents (RR ¼ 4.75, P , 0.001), 22 while another reporting on non-fatal childhood burns in Bangladesh found a similar trend (RR ¼ 3.23, P , 0.001). 23 Studies investigating the time of day found that the majority of injuries occurred during the morning and early mid-day hours, followed by the early evening. 24 Four studies identified the winter season as the most frequent time of year when the majority of burns occurred. 13, 15, 20, 25 Among industrial burns, scalds were typically caused by contact with hot bitumen or hot wax. 28 Among electric burns, low tension electrical events (220 -240 V) tended to be domestic and involved children, while high tension events (.10 00 V) were usually industrial and involved workmen who had not taken appropriate precautions. 22, 27 Touching or stepping on loose electrical wires was the most common scenario. 13,25 -27 For electrical occupational injuries adults aged 21 -40 years were mostly affected. 27 However, the incidence of electric burns among children seems to be reported more frequently, which could be indicative of increasing domestic events caused by a greater availability of electricity. 15, 26 Data on the treatment of burn injuries were rare. One study 13 reported that the majority (77.9%) of individuals presented to hospital within 6 h of their burn injury. However, 10.2% of patients were delayed by more than 24 h after their injury occurred. Three studies reported on the average length of time spent hospitalized, which ranged from 16.9 to 27.6 days. 9, 34, 35 
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Discussion
This review of published data regarding burns in South Asia provides important insights into their epidemiology, and included findings on 24 527 burn patients over 57 years. However, there was a scarcity of data from countries other than India. The majority of the data was obtained from facilities, limiting their generalizability on a population level. Additionally, several studies reporting on burn injuries did not disaggregate the data by intentionality, excluding them from this review. There is a clear need to improve the quality of data collected and reported to determine the epidemiology of unintentional burns in South Asia.
Main findings
Children aged 1 -5 years have a disproportionately higher burden of burns with the majority occurring inside the house, particularly in the kitchen. 13,15,20,21,23 -25 There is a predominance of males affected during early childhood, particularly among under-fives, 11, 13, 15, 16, 21, 22, 24, 25, 27 while the risk of burns in late childhood and early adolescence shifts to a higher burden in females. This shift in gender distribution is thought to reflect the change in activities by the two genders. Girls are brought into the kitchen to help their mothers in cooking, and are exposed to faulty appliances (chulhas, kerosene stoves) and hot liquids, while wearing traditional loose-fitting and flammable garments. The youngest boys run around their mothers but, with increasing age, tend to remain outdoors and away from the kitchen. 37 Most outdoor or industrial accidents occurred among men. Most accidents were flame related or scalds, consistent with the finding that most accidents occurred in the kitchen. Electrical burns, while rare, appear to be increasing in frequency, 26 most likely due to the growing network of electrical connections and greater opportunity to come in contact with loose electrical wires. The burden of burn injury occurs predominantly among those with low socioeconomic status. In particular, overcrowding and illiteracy were associated with a higher risk of burns. Families of lower socioeconomic classes tend to use kerosene stoves 32 which were seen to be a factor in many injuries. The cost of treatment for burn injuries coupled with loss of productivity can have devastating consequences to the economically fragile. 38, 39 Additionally, permanent disability and disfigurement can have devastating emotional effects and cause social isolation.
What is already known
Studies from other parts of the world, particularly in other LMICs, corroborate the main findings of this study. Young children are typically disproportionately affected by burns. 40 -49 Studies of burn injuries in Africa have found that children under 5 years of age are at the greatest risk, with 25 -68% of all burn cases being among children. 44 A systematic review of burn injuries in the WHO East Mediterranean Region found that burns were most common among young adults and children, causing burns to be a significant cause of morbidity and mortality in the region. 50 These high numbers of burns in early childhood are indicative of their inquisitive behavior without the acquired experience of the threat of danger as well as total dependency on parents and caretakers. Other studies also demonstrate a shift in gender distribution from males to females with increasing age. 42, 43, 49, 51, 52 Most burns occurred in the morning to early mid-day and in the early evening hours, a common finding in other studies. 40, 53 This likely reflects the hours when the majority of the cooking activities occur within households. Winter season is also a risk factor, as this is when people were likely to light fires indoors for warmth. 13, 15, 20, 25, 40, 50 Similar to findings from other LMICs, mortality increased with increasing %TBSA. 50, 53, 54 In sub-Saharan Africa, high mortality rates occur among children with a %TBSA .45%. 40 South Asian mortality rates are estimated to be 2 -3-fold greater than LMICs in Africa and the Eastern Mediterranean. 3 South Asian countries experience widespread malnutrition, 55 which is associated with a greater risk of death among burn victims. 40 Another factor contributing to high mortality is the lack of appropriate health care and significant delays in seeking treatment. 13, 50 What this study adds This review of the epidemiology of unintentional burn injuries in South Asia provides an analysis of the trends in burn injuries, corroborates the findings of reviews of burn injuries in other LMICS and identifies appropriate target groups for intervention. The association of illiteracy with a higher risk of burns suggests that people of lower socioeconomic status may be unaware of ways to prevent injuries. Flame burns could be substantially reduced if safe, inexpensive and efficient kerosene lamps and stoves are marketed, purchased and placed above the floor level (lamps). Supporting the training of skilled workmanship, manufacturing and repair of kerosene stoves at the local level can help maintain safety over time. 56 In order to address some of these concerns, the Global Alliance for Clean Cookstoves, currently implemented in Bangladesh among other developing countries, aims to ensure that 100 million households adopt the use of safe cookstoves by 2020. 57 Encouraging women (through grassroots education and multi-media) to avoid wearing loose-fitting dress while cooking could reduce the chances of clothes catching fire. Promoting the use of flame-resistant materials in the manufacturing of saris could prevent and limit the extent of burns. 58 Preventing burn injuries among children should be a priority. A partitioned area for young infants and children can be imposed during cooking hours, while shelves placed at appropriate heights prevent young children from reaching and spilling over hot objects. 59 Local grassroots educational/multi-media initiatives can be undertaken to educate mothers and caretakers about burn prevention and first-aid treatment. 25 Timely outpatient assessment and treatment is vital to mitigating the burden of injury.
This review also identified gaps in the literature on burns in South Asia, and highlights the need for better information. Data on treatment and risk factors for mortality following burn injuries are lacking. This information is essential to health service providers and to identify areas for improvement in emergency and burn care. Future researchers should also be cognizant of the need to report burn data by intentionality in order to ensure that preventive measures are appropriately established.
Limitations of this study
A constraint of this review was the quality of data specifically on unintentional burn injuries. In South Asia, many studies were excluded as they did not provide disaggregation by intentionality. Even in the included papers, it is unclear if misclassification occurred with respect to intentionality. Bhutan and Nepal, the other two countries in South Asia, did not have any papers on burns.
However, clear patterns were observed among the studies reviewed and corroborated by studies from other LMICs. Most studies included were facility based which are likely to underestimate the numbers of people affected by burns given that patients may seek alternative treatments or treatments at outpatient centers affecting the generalizability of the results. Population-based studies are essential to increase the body of knowledge on burn injuries in South Asia and to inform other regions. Finally, there is a lack of data on the treatment of unintentional burn injuries. The poor health infrastructure is undoubtedly a contributing factor to this limitation; however, efforts should be made to document this information to determine gaps in the health-care system.
While the epidemiological data remain incomplete for burns in South Asia, this is a rich area for research. However, the need exists for the urgent introduction of effective interventions. Improved data gathering systems by way of national burn registries and population-based surveys will help to consolidate gaps in knowledge. This coupled with legislation and active surveillance will allow epidemiologists, economists and policy-makers to evaluate the success of interventions and make changes where appropriate.
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